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(54) LITHIUM ION SECONDARY BATTERY AND METHOD OF MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED- To improve the conductivity of a conventional lithium ion secondary 
battery. 

SOLUTION: This lithium ion secondary battery comprises a positive electrode collector 1, a 
positive electrode layer 2 having a positive electrode active material containing at least lithium, a 
separator 3 containing an electrolyte, a negative electrode layer 4 having a negative electrode- 
active material, and a negative electrode- collector 5, and the positive electrode layer 2 and/or the 
negative electrode layer 4 includes at least one kind of carbon black and at least one kind of 
graphite carbon. 



CLAIMS 



[Claim(s)] 

[Claim l] It is the rechargeable lithium-ion battery with which it has a positive -electrode charge 
collector, the positive -electrode layer which has the positive -electrode active material which 
contains a lithium at least, the separator containing the electrolytic solution, the 
negative electrode layer which has a negative -electrode active material, and a negative -electrode 
charge collector, and said positive -electrode layer and/or said negative -electrode layer have at least 
one or more kinds of carbon black, and at least one or more kinds of graphite carbon. 
[Claim 2] A positive -electrode charge collector and the positive -electrode layer which has the 
positive -electrode active material which contains a lithium at least, It is the manufacture 
approach of the rechargeable lithium -ion battery equipped with the separator containing the 
electrolytic solution, the negative -electrode layer which has a negative-electrode active material, 
and the negative -electrode charge collector. Add at least one or more kinds of carbon black for said 



positive -electrode layer to a predetermined solvent, and the carbon black is distributed. Then, said 
positive-electrode active material and the graphite carbon of at least one or more kinds of fine 
particles The manufacture approach of the rechargeable lithium ion battery created by, making 
said solvent containing said carbon black, said positive -electrode active material, and said 
graphite carbon into the shape of a sheet in addition so that said positive -electrode active material 
and said graphite carbon may distribute, and drying it. 

[Claim 3] A positive -electrode charge collector and the positive-electrode layer which has the 
positive -electrode active material which contains a lithium at least. It is the manufacture 
approach of the rechargeable lithium ion battery equipped with the separator containing the 
electrolytic solution, the negative -electrode layer which has a negative -electrode active material, 
and the negative-electrode charge collector. Add at least one or more kinds of carbon black for said 
negative-electrode layer to a predetermined solvent, and the carbon black is distributed. Then, 
said negative -electrode active material and the graphite carbon of at least one or more kinds of 
fine particles The manufacture approach of the rechargeable lithium-ion battery created by, 
making said solvent containing said carbon black, said negative-electrode active material, and said 
graphite carbon into the shape of a sheet in addition so that said negative-electrode active 
material and said graphite carbon may distribute, and drying it. 

[Claim 4] A positive-electrode charge collector and the positive -electrode layer which has the 
positive -electrode active material which contains a lithium at least, It is the manufacture 
approach of the rechargeable lithium-ion battery equipped with the separator containing the 
electrolytic solution, the negative-electrode layer which has a negative-electrode active material, 
and the negative -electrode charge collector. At least one or more kinds of electric conduction agents 
and said positive -electrode active material are added for said positive -electrode layer to a 
predetermined solvent. Said electric conduction agent is distributed for stirring said solvent 
containing said electric conduction agent and said positive -electrode active material in lOPa or 
more vacuum IxlO^Pa or less. The manufacture approach of the rechargeable lithium-ion battery 
created by making into the shape of a sheet said solvent which said electric conduction agent 
distributed, and drying it. 

[Claim 5] A positive -electrode charge collector and the positive -electrode layer which has the 
positive -electrode active material which contains a lithium at least. It is the manufacture 
approach of the rechargeable lithium-ion battery equipped with the separator containing the 
electrolytic solution, the negative -electrode layer which has a negative-electrode active material, 
and the negative -electrode charge collector. At least one or more kinds of electric conduction agents 
and said negative -electrode active material are added for said negative-electrode layer to a 
predetermined solvent. Said electric conduction agent is distributed by stirring said solvent 
containing said electric conduction agent and said negative-electrode active material in lOPa or 
more vacuum IxlO^Pa or less. The manufacture approach of the rechargeable lithium-ion battery 
created by making into the shape of a sheet said solvent which said electric conduction agent 
distributed, and drying it. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to a rechargeable lithium-ion battery. 
[0002] 

[Description of the Prior Art] In recent years, it depends for the engine performance of pocket 
electronic equipment, such as a cellular phone and a Personal Digital Assistant, on the 
semiconductor device, and not only an electronic circuitry but the rechargeable battery which can 
be charged carried greatly, and to realize a light weight and miniaturization to coincidence with 
the capacity rise of a loading cell is desired. Although the lead cell and the nickel-cadmium battery 
had so far been used for these cells, energy density was insufficient and it was difficult to deal with 
a light weight and miniaturization. 

[0003] Then, the nickel hydride battery which has about twice the energy density of a 
nickel-cadmium battery is developed, the lithium ion battery exceeding it subsequently is 
developed, and it is in the limelight. 
[0004] 

[Problem(s) to be Solved by the Invention] Since it is used for a cellular phone or a Personal Digital 
Assistant, when the further improvement in safety is desired and a cell especially generates heat 
by overcharge etc., it is important for these rechargeable lithium-ion batteries to prevent a 
thermal run away. Moreover, it is anxious also for the cell especially with a high good rate property 
as a cell which can bear rapid charge and discharge. 

[0005] As a means which prevents such a thermal run away, the approach by the electronic 
circuitry in which the overcharge prevention device was carried, the approach by the mechanical 
current cutoff using the generation of gas at the time of overcharge, etc. are proposed. 
[0006] However, by these approaches, additional structure will be given to a cell and about [ that a 
cell becomes cost quantity ] and constraint on a goods design arises. 

[0007] Moreover, as for the conventional rechargeable lithium-ion battery, conductivity also had 
the problem of having not been good. 

[0008] This invention aims at offering a conductive good rechargeable lithium-ion battery and its 
conductive manufacture approach in consideration of the above-mentioned technical problem. 
[0009] 

[Means for Solving the Problem] The 1st this invention (it corresponds to claim l) is equipped with 
a positive-electrode charge collector, the positive -electrode layer which has the positive-electrode 
active material which contains a lithium at least, the separator containing the electrolytic 
solution, the negative -electrode layer which has a negative -electrode active material, and a 
negative -electrode charge collector, and said positive -electrode layer and/or said negative -electrode 
layer are rechargeable lithium-ion batteries which have at least one or more kinds of carbon black, 
and at least one or more kinds of graphite carbon. 

[0010] The positive-electrode layer in which the 2nd this invention (it corresponds to claim 2) has a 
positive -electrode charge collector and the positive -electrode active material with which a lithium 
is included at least, It is the manufacture approach of the rechargeable lithium-ion battery 
equipped with the separator containing the electrolytic solution, the negative -electrode layer 
which has a negative electrode active material, and the negative electrode charge collector. Add 
at least one or more kinds of carbon black for said positive -electrode layer to a predetermined 
solvent, and the carbon black is distributed. Then, said positive electrode active material and the 
graphite carbon of at least one or more kinds of fine particles It is the manufacture approach of the 
rechargeable lithium -ion battery created by, making said solvent containing said carbon black. 



said positive -electrode active material, and said graphite carbon into the shape of a sheet in 
addition so that said positive-electrode active material and said graphite carbon may distribute, 
and drying it. 

[OOll] The positive -electrode layer in which the 3rd this invention (it corresponds to claim 3) has a 
positive -electrode charge collector and the positive -electrode active material with which a lithium 
is included at least, It is the manufacture approach of the rechargeable lithium-ion battery 
equipped with the separator containing the electrolytic solution, the negative -electrode layer 
which has a negative-electrode active material, and the negative electrode charge collector. Add at 
least one or more kinds of carbon black for said negative -electrode layer to a predetermined 
solvent, and the carbon black is distributed. Then, said negative -electrode active material and the 
graphite carbon of at least one or more kinds of fine particles It is the manufacture approach of the 
rechargeable lithium -ion battery created by, making said solvent containing said carbon black, 
said negative -electrode active material, and said graphite carbon into the shape of a sheet in 
addition so that said negative -electrode active material and said graphite carbon may distribute, 
and drying it. 

[0012] The positive -electrode layer in which the 4th this invention (it corresponds to claim 4) has a 
positive -electrode charge collector and the positive -electrode active material with which a lithium 
is included at least. It is the manufacture approach of the rechargeable lithium -ion battery 
equipped with the separator containing the electrolytic solution, the negative -electrode layer 
which has a negative -electrode active material, and the negative -electrode charge collector. At 
least one or more kinds of electric conduction agents and said positive electrode active material 
are added for said positive -electrode layer to a predetermined solvent. Said electric conduction 
agent is distributed by stirring said solvent containing said electric conduction agent and said 
positive -electrode active material in lOPa or more vacuum IxlO^Pa or less. It is the manufacture 
approach of the rechargeable lithium-ion battery created by making into the shape of a sheet said 
solvent which said electric conduction agent distributed, and drying it. 

[0013] The positive -electrode layer in which the 5th this invention (it corresponds to claim 5) has a 
positive -electrode charge collector and the positive electrode active material with which a lithium 
is included at least. It is the manufacture approach of the rechargeable lithium ion battery 
equipped with the separator containing the electrolytic solution, the negative-electrode layer 
which has a negative -electrode active material, and the negative -electrode charge collector. At 
least one or more kinds of electric conduction agents and said negative-electrode active material 
are added for said negative -electrode layer to a predetermined solvent. Said electric conduction 
agent is distributed by stirring said solvent containing said electric conduction agent and said 
negative electrode active material in lOPa or more vacuum IxlO^Pa or less. It is the manufacture 
approach of the rechargeable lithium-ion battery created by making into the shape of a sheet said 
solvent which said electric conduction agent distributed, and drying it. 

[0014] With the rechargeable lithium-ion battery manufactured by the manufacture approach of of 
the rechargeable lithium-ion battery and rechargeable lithium-ion battery of this invention, as 
mentioned above, when a rate property improves since the electric resistance of a positive 
electrode or a negative -electrode plate becomes smaller than the conventional thing, and an 
electric conduction agent adheres to the front face of the active material in a positive electrode and 
a negative electrode, reaction area can be controlled and the generation of gas at the time of charge 
and discharge can be controlled. 



[0015] 

[Embodiment of the Invention] Hereafter, the rechargeable lithium-ion battery of the gestalt of 
operation of this invention is explained. The configuration of a rechargeable lithium-ion battery is 
shown in drawing 1 . As shown in drawing 1 , a rechargeable lithium -ion battery consists of the 
positive -electrode charge collector 1, the positive -electrode layer 2, a separator 3, a 
negative -electrode layer 4, and a negative -electrode charge collector 5, the positive -electrode 
layer 2 is formed on the positive-electrode charge collector 1, the negative -electrode layer 4 is 
formed on the negative -electrode charge collector 5, and the separator 3 is inserted in the 
positive -electrode layer 2 and the negative -electrode layer 4. 

[0016] When the configuration of a rechargeable lithium-ion battery is furthermore explained, a 
positive electrode has the structure which carried out the laminating of the positive -electrode 
layer 2 to the positive -electrode charge collector 1. Said charge collector 1 consists of aluminium 
foil or an aluminum net producing object. 

[0017] On the other hand, a negative electrode has the structure which carried out the laminating 
of the negative -electrode layer 4 to the negative -electrode charge collector 5, and said 
negative -electrode layer 4 counters the positive electrode layer 2 of said positive electrode, and it 
is arranged. Said negative -electrode charge collector 5 consists of copper foil or a copper net 
producing object. 

[0018] The positive-electrode layer 2 and the negative -electrode layer 4 are explained below. 
[0019] The positive -electrode layer 2 contains an active material, electric conduction material, 
nonaqueous electrolyte, and binding-material resin. As said active material, a lithium manganese 
multiple oxide, a lithium content nickel oxide, lithium content cobalt oxide, a lithium content 
cobalt nickel oxide, various oxide like the amorphous vanadium pentoxide containing a lithium, 
etc. can be used, for example. 

[0020] As said electric conduction material, carbon black, such as an artificial graphite and 
acetylene black, etc. can be mentioned, for example. Moreover, the graphite carbon with 
conductivity higher than carbon black which calcinates carbon black and is obtained can also be 
mentioned. 

[0021] Moreover, said electrolytic solution is adjusted by dissolving an electrolyte in a non-aqueous 
solvent. As said non-aqueous solvent, ethylene carbonate, propylene carbonate, butylene 
carbonate, dimethyl carbonate, diethyl carbonate, y -butyrolactone, a sulfolane, an acetonitrile, 1, 
2-dimethoxy ethane, 1, 3-dimethoxypropane, diethylether, a tetrahydrofuran, 2-methyl 
tetrahydrofuran, y -butyrolactone, etc. can be mentioned, for example. Said non-aqueous solvent 
may be used independently, or two or more sorts may use it, mixing. 

[0022] As an electrolyte contained in said nonaqueous electrolyte, lithium salt, such as lithium 
perchlorate (LiC104), a lithium hexa fluorophosphate (LiPFe), lithium tetrafluoroborate (LiBF4), a 
hexa fluoro arsenate (LiAsFe), a lithium trifluoro methane -sulfonate (LiCFaSOa), and a lithium 
bis-trifluoromethylsulfonyl imide [LiN (CF3S02)2], is mentioned, for example. 
[0023] As said binding-material resin, the copolymer of poly vinylidene difluoride (PVdF), acrylic 
resin, acrylic rubber, a styrene butadiene rubber, fluorine system rubber, and vinylidene 
fluoride -hexafluoropropylene (VDF-HFP) can be used, for example. In the frame section of a 
copolymer, VDF contributes to improvement in a mechanical strength, is incorporated as HFP 
being amorphous to said copolymer, and functions as maintenance of said electrolytic solution, and 
the transparency section of a lithium ion. Moreover, two or more kinds of these binding-material 



resin may be mixed also as a simple substance. 

[0024] The negative -electrode layer 4 consists of the carbon system ingredient which carries out 

occlusion of the lithium ion, nonaqueous electrolyte, and binding-material resin. 

[0025] What [ is obtained as said carbon system ingredient by calcinating organic high molecular 

compounds (for example, phenol resin, a polyacrylonitrile, a cellulose, etc.), for example 1, thing 

[ which is obtained by calcinating corks and a pitch ] or artificial graphite, and natural graphite 

etc. can be mentioned. What was explained in the positive -electrode layer which mentioned above 

said nonaqueous electrolyte and binding-material resin, and the same thing are used. 

[0026] Moreover, carbon black and graphite carbon may be contained in the negative -electrode 

layer 4. 

[0027] Thus, if the positive-electrode layer 2 and/or the negative -electrode layer 4 are made to 
contain carbon black and graphite carbon, the conductivity of a rechargeable lithium-ion battery 
will improve. 

[0028] Next, the manufacture approach of the positive -electrode layer 2 which carbon black and 
graphite carbon contain, or the negative -electrode layer 4 is explained. The approach is an 
approach of manufacturing by, making the solvent containing carbon black, an active material, 
and graphite carbon into the shape of a sheet in addition so that at least one or more kinds of 
carbon black may be added to a predetermined solvent, the carbon black may be distributed and an 
active material and graphite carbon may distribute the active material by the side of a positive 
electrode or a negative electrode, and the graphite carbon of at least one or more kinds of fine 
particles after that, and drying it. 

[0029] Moreover, the manufacture approach described below as the manufacture approach of the 
positive -electrode layer 2 and the negative -electrode layer 4 can also be used. The approach is an 
approach of adding the active material by the side of at least one or more kinds of electric 
conduction agents, a positive electrode, or a negative electrode to a predetermined solvent, stirring 
the solvent containing an electric conduction agent and an active material in lOPa or more vacuum 
IxlO^Pa or less, and drying the shape of a sheet by carrying out the stirred solvent. 
[0030] Since an electric conduction agent distributes in the above-mentioned stirring process, the 
conductivity of a rechargeable lithium-ion battery improves. In addition, carbon black, graphite 
carbon, etc. correspond as an electric conduction agent. 
[0031] 

[Example] The example of this invention is explained to a detail below. 
[0032] (Example 1) The positive -electrode layer was created as follows. (The following 
presentations are the ratios to the lithium content cobalt acid 100 weight section which is an 
active material.) 

After kneading the acetylene black (the diameter of a primary particle- 0.05 micrometers, 
henceforth, AB) which is electric conduction material, and the N-methyl-2-pyrrolidone (henceforth, 
NMP) which are 2 weight sections and a solvent about poly vinylidene difluoride (henceforth, 
PVdF) which is every [ 3 weight sections ] and binding-material resin about each in graphite 
carbon by the ratio of 10 weight sections, 40 weight sections addition of the NMP was carried out 
further, and the electric conduction material coating was created. In these electric conduction 
material coatings, 100 weight sections addition was carried out, the lithium content cobalt acid 
(the diameter of a primary particle^ 5 micrometers) which is an active material was agitated, and 
the positive-electrode coating was obtained. This positive -electrode coating was formed with the 



doctor blade on aluminum foil, it put on ordinary temperature gently, and the sheet*like positive 

electrode with a thickness of 100 micrometers was created by the air drying. 

[0033] The negative electrode layer was created as follows. (The following presentations are the 

ratios to the graphite carbon 100 weight section which is an active material.) 

100 weight sections mixing of the NMP which are 10 weight sections and a solvent about PVdF 

which are the 100 weight sections and binding-material resin about the graphite carbon (the 

diameter of a primary particle^ 20 micrometers) which is an active material was carried out, and 

the negative electrode coating was obtained. This negative electrode coating was formed with the 

doctor blade in the shape of copper foil, it put on ordinary temperature gently, and the sheet-like 

negative electrode with a thickness of 150 micrometers was created in the air drying. 

[0034] Next, said sheet-like electrolyte layer was made to intervene among these positive -electrode 

layers and negative -electrode layers, and the rechargeable lithium-ion battery mentioned above by 

making said laminated material immersed in the electrolytic solution by which one mol (LiPFe) of 

lithium hexafluorophosphate was dissolved in ethylene carbonate (EC) in this laminated material 

was created. 

[0035] (Example 2) The positive -electrode layer was created as follows. 

[0036] After kneading 3 weight sections and PVdF in 2 weight sections and kneading [ a lithium 
content cobalt acid (the diameter of a primary particle- 5 micrometers) ] NMP for the 100 weight 
sections and AB by the ratio of 15 weight sections, it agitated, after carrying out 35 weight sections 
addition of the NMP, and the positive -electrode coating was created. This positive -electrode 
coating was formed with the doctor blade on aluminum foil, it put on ordinary temperature gently, 
and the sheet-like positive electrode with a thickness of 100 micrometers was created in the air 
drying. 

[0037] The negative -electrode layer was created as follows. 

[0038] After kneading the acetylene black which is electric conduction material, and the 
N-methyl-2-pyrrolidone (henceforth, NMP) which are 10 weight sections and a solvent about poly 
vinylidene difluoride (henceforth, PVdF) which is every [ 1 weight section ] and binding-material 
resin about graphite carbon, respectively by the ratio of 50 weight sections, 50 weight sections 
addition of the NMP was carried out further, and the electric conduction material coating was 
created. In these electric conduction material coatings, 100 weight sections addition was carried 
out, graphite carbon (the diameter of a primary particle: 20 micrometers) was agitated, and the 
negative -electrode coating was obtained. This negative -electrode coating was formed with the 
doctor blade on copper foil, it put on ordinary temperature gently, and the sheet-like negative 
electrode with a thickness of 150 micrometers was created by the air drying. 
[0039] The rechargeable lithium -ion battery was created like the example 1 except having 
mentioned above. 

[0040] (Example 3) After kneading the acetylene black (the diameter of a primary particle^ 0.05 
micrometers, henceforth, AB) which is electric conduction material, and the 

N-methyl-2-pyrrolidone (henceforth, NMP) which are 2 weight sections and a solvent about poly 
vinylidene difluoride (henceforth, PVdF) which is every [ 3 weight sections ] and binding-material 
resin about graphite carbon, respectively by the ratio of 10 weight sections, 40 weight sections 
addition of the NMP was carried out further, and the electric conduction material coating was 
created. At this time, the coating was created in the IxlO^Pa vacuum. After carrying out 100 
weight sections addition and agitating a lithium content cobalt acid in these electric conduction 



material coatings, the rechargeable lithium -ion battery was created like the example 1 except 
having obtained the positive electrode coating. 

[0041] (Example 4) After kneading the acetylene black (the diameter of a primary particle- 0.05 
micrometers,henceforth,AB) which is electric conduction material, and the N-methyl-2-pyrrolidone 
(henceforth, NMP) which are 2 weight sections and a solvent about poly vinylidene difluoride 
(henceforth, PVdF) which is every [ 1 weight section ] and binding-material resin about graphite 
carbon, respectively by the ratio of 10 weight sections, 40 weight sections addition of the NMP was 
carried out further, and the electric conduction material coating was created. After carrying out 
100 weight sections addition of the graphite carbon at this electric conduction material coating and 
agitating a coating in a lxl02Pa vacuum, the rechargeable lithium-ion battery was created like 
the example 1 except having obtained the positive -electrode coating. 
[0042] (Example 5) The positive -electrode layer was created as follows. (The following 
presentations are the ratios to the lithium content cobalt acid 100 weight section which is an 
active material.) 

After kneading the N-methyl-2-pyrrolidone (henceforth, NMP) which are 2 weight sections and a 
solvent about poly vinylidene difluoride (henceforth, PVdF) which is 3 weight sections and 
binding-material resin about the acetylene black (the diameter of a primary particle- 0.05 
micrometers, henceforth, AB) which is electric conduction material by the ratio of 10 weight 
sections, 40 weight sections addition of the NMP was carried out further, and the electric 
conduction material coating was created. In these electric conduction material coatings, 3 weight 
sections addition of the 100 weight sections and the graphite carbon was carried out, the lithium 
content cobalt acid (the diameter of a primary particle- 5 micrometers) which is an active material 
was agitated, and the positive electrode coating was obtained. This positive -electrode coating was 
formed with the doctor blade on aluminum foil, and the rechargeable lithium-ion battery was 
created like the example 1 except having put on ordinary temperature gently and having created 
the sheet-like positive electrode with a thickness of 100 micrometers by the air drying. 
[0043] (Example 6) After kneading the N-methyl-2-pyrrolidone (henceforth, NMP) which are 10 
weight sections and a solvent about poly vinylidene difluoride (henceforth, PVdF) which is 1 
weight section and binding-material resin about the acetylene. black (the diameter of a primary 
particle* 0.05 micrometers, henceforth, AB) which is electric conduction material by the ratio of 50 
weight sections, 50 weight sections addition of the NMP was carried out further, and the electric 
conduction material coating was created. The rechargeable lithium-ion battery was created like 
the example 1 except having carried out 1 weight section addition, having agitated the graphite 
carbon which is the 100 weight sections and electric conduction material about the graphite carbon 
(the diameter of a primary particle- 20 micrometers) which is an active material in these electric 
conduction material coatings, and having obtained the negative -electrode coating. 
[0044] (Example 7) After kneading the acetylene black (the diameter of a primary particle^ 0.05 
micrometers, henceforth, AB) which is electric conduction material, and the 

N-methyl-2-pyrrolidone (henceforth, NMP) which are 2 weight sections and a solvent about poly 
vinylidene difluoride (henceforth, PVdF) which is every [ 3 weight sections ] and binding-material 
resin about graphite carbon, respectively by the ratio of 10 weight sections, 40 weight sections 
addition of the NMP was carried out further, and the electric conduction material coating was 
created. At this time, the coating was created in the lOPa vacuum. After carrying out 100 weight 
sections addition and stirring a lithium content cobalt acid in these electric conduction material 



coatings, the rechargeable lithium ion battery was created like the example 1 except having 
obtained the positive-electrode coating. 

[0045] (Example 8) After kneading the acetylene black (the diameter of a primary particle: 0.05 
micrometers, henceforth, AB) which is electric conduction material, and the 

N-methyl-2-pyrrolidone (henceforth, NMP) which are 2 weight sections and a solvent about poly 
vinylidene difluoride (henceforth, PVdF) which is every [ 3 weight sections ] and binding-material 
resin about graphite carbon, respectively by the ratio of 10 weight sections, 40 weight sections 
addition of the NMP was carried out further, and the electric conduction material coating was 
created. At this time, the coating was created in the IxlO^Pa vacuum. After carrying out 100 
weight sections addition and stirring a lithium content cobalt acid in these electric conduction 
material coatings, the rechargeable lithium*ion battery was created like the example 1 except 
having obtained the positive -electrode coating. 

[0046] (Example 1 of a comparison) The positive -electrode layer was created as follows. 
[0047] After kneading 6 weight sections and PVdF in 2 weight sections and kneading [ a lithium 
content cobalt acid ] NMP for the 100 weight sections and AB by the ratio of 15 weight sections, it 
agitated, after carrying out 35 weight sections addition of the NMP, and the positive-electrode 
coating was created. This positive -electrode coating was formed with the doctor blade on 
aluminum foil, and the rechargeable lithium-ion battery was created like the example 1 except 
having put on ordinary temperature gently and having created the sheet-like positive electrode 
with a thickness of 100 micrometers in the air drying. 

[0048] (Example 2 of a comparison) After kneading the N-methyl-2-pyrrolidone (henceforth, NMP) 
which are 10 weight sections and a solvent about poly vinylidene difluoride (henceforth, PVdF) 
which is 2 weight sections and binding-material resin about the acetylene black which is electric 
conduction material by the ratio of 50 weight sections, 50 weight sections addition of the NMP was 
carried out further, and the electric conduction material coating was created. In these electric 
conduction material coatings, 100 weight sections addition was carried out, graphite carbon (the 
diameter of a primary particle^ 20 micrometers) was agitated, and the negative -electrode coating 
was obtained. This negative electrode coating was formed with the doctor blade on copper foil, it 
put on ordinary temperature gently, and the sheet- like negative electrode with a thickness of 150 
micrometers was created by the air drying. 

[0049] The rechargeable lithium-ion battery was created like the example 1 except having 
mentioned above. 

[0050] (Example 3 of a comparison) The positive-electrode layer was created as follows. (The 
following presentations are the ratios to the lithium content cobalt acid 100 weight section which 
is an active material.) 

After kneading the acetylene black (the diameter of a primary particle^ 0.05 micrometers, 
henceforth, AB) which is electric conduction material, and the N-methyl-2-pyrrolidone (henceforth, 
NMP) which are 2 weight sections and a solvent about poly vinylidene difluoride (henceforth, 
PVdF) which is every [ 3 weight sections ] and binding- material resin about graphite carbon, 
respectively by the ratio of 10 weight sections, 40 weight sections addition of the NMP was carried 
out further, and the electric conduction material coating was created. 100 weight sections addition 
of the lithium content cobalt acid (the diameter of a primary particle^ 5 micrometers) which is an 
active material was carried out at this electric conduction taste coating, it stirred under the 
lxl06Pa vacuum, and the positive -electrode coating was obtained. This positive -electrode coating 



was formed with the doctor blade on aluminum foil, it put on ordinary temperature gently, and the 
sheet-like positive electrode with a thickness of 100 micrometers was created by the air drying. 
[0051] The rechargeable lithium ion battery was created like the example 1 except having 
mentioned above. 

[0052] (Example 4 of a comparison) The positive -electrode layer was created as follows. (The 
following presentations are the ratios to the lithium content cobalt acid 100 weight section which 
is an active material.) 

After kneading the acetylene black (the diameter of a primary particle' 0.05 micrometers, 
henceforth, AB) which is electric conduction material, and the N-methyl-2-pyrrolidone (henceforth, 
NMP) which are 2 weight sections and a solvent about poly vinylidene difluoride (henceforth, 
PVdF) which is every [ 3 weight sections ] and binding-material resin about graphite carbon, 
respectively by the ratio of 10 weight sections, 40 weight sections addition of the NMP was carried 
out further, and the electric conduction material coating was created. 100 weight sections addition 
of the lithium content cobalt acid (the diameter of a primary particle- 5 micrometers) which is an 
active material was carried out at this electric conduction taste coating, it stirred under the 
vacuum of 1x10 Pa, and the positive-electrode coating was obtained. This positive -electrode 
coating was formed with the doctor blade on aluminum foil, it put on ordinary temperature gently, 
and the sheet-like positive electrode with a thickness of 100 micrometers was created by the air 
drying. 

[0053] The rechargeable lithium-ion battery was created like the example 1 except having 
mentioned above. 

[0054] In the cell created as mentioned above, after measuring the volume and charging in the 
constant current mode of 0.2C (lOOmA), it charged in the constant- voltage mode of 4.2V. Next, it 
discharged about each with the current density of 0.2C (lOOmA), IC (500mA), and 2C (lOOOmA), 
and the capacity check was performed by discharge voltage 3V. Here, the volume change made the 
volume before charging 0%, and computed the rate of increase. Moreover, the capacity 
maintenance factor after 100 cycles was also measured. 
[0055] These results were shown in (Table l). 
[0056] 
[Table l] 
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[0057] It turns out that the conductivity in a plate will improve if graphite carbon is contained in a 
positive electrode or a negative electrode as (Table l) showed, and a cycle property improves 
(examples 1 and 2). 

[0058] Furthermore, if vacuum degassing is performed in case the conductive paste of a positive 
electrode and a negative electrode is distributed, the dispersibility of electric conduction material 
will improve and improvement in a cycle property and a rate property will be found (examples 3, 4, 
7, and 8). Moreover, even if it performed vacuum degassing on IxlO^Pa conditions, effectiveness 
was hardly seen. Next, when vacuum degassing was performed on condition that 1x10 ^ Pa, the 
solvent to be used volatilized, the strong plate front face which the viscosity of a coating went up 
and was created got worse, and the fall of a rate property was seen (examples 3 and 4 of a 
comparison). 

[0059] Moreover, since it can control that a shear strong against graphite carbon is added by 
adding graphite carbon to an active material and coincidence, crushing of graphite carbon can be 
prevented and improvement in the further current collection effectiveness can realize 
improvement in a cycle property, and improvement in a rate property (examples 5 and 6). 
[0060] As stated above, the rechargeable lithium ion battery excellent in the cycle life and the rate 
property is realizable by using carbon black and graphite carbon for electric conduction material. 
That is, a conductive good rechargeable lithium-ion battery is realizable. 
[0061] 

[Effect of the Invention] This invention can offer a conductive good rechargeable lithium-ion 
battery and its conductive manufacture approach so that clearly from the place explained above. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] The block diagram of a rechargeable lithium-ion battery 



[Description of Notations] 

1 Positive-Electrode Charge Collector 

2 Positive-Electrode Layer 

3 Separator 

4 Negative-Electrode Layer 

5 Negative-Electrode Charge Collector 



DRAWINGS 



[Drawing l] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



